Understanding variation in tree stem form is fundamental to both ecological and economic 7 assessments of forest ecosystem structure and function. Stem taper models (STMs) are widely 8 used to describe tree form, but it can be challenging to apply them to trees with stems that 9 diverge from an idealized norm, often leading to exclusion of many trees from stem taper 10 studies. Here, new 'whole-tree' form type classes are advanced, as simple and useful 11 groupings for capturing stem form variation of trees of diverse morphological types, and tested 12 with a large tree data set without exclusion criteria. New form type classes explained much 13 more of main stem form variation than knowledge of tree species, while 'merchantable form 14 types' explained most stand-to-stand level variation. Broad-leaved species were much more 15 likely to have complex stem forms than needle-leaved, but species 'evergreeness' was a very 16 weak predictor of stem form variation, when tree and stand -level form variation was accounted 17 for. A new, generalized framework for stem taper modeling is demonstrated, using both species 18 and merchantable form types to capture tree-level random effects. New form types and the STM 19 approach are relatively easy to apply and should be relatively simple to integrate into any 20 conventional forest inventory system. Overall, the study demonstrates the importance of 21 including and accounting for the diversity of observed stem forms in developing STMs. 22
Introduction 24
Stem taper models (STMs) describe the changing shape of the 'main' stem of a tree, 25 from ground to tree top. This enables them to be used to explore and predict variation in stem 26 morphology for trees of diverse species, because stem taper reflects factors such as ecological 27 conditions and forest management history (Assmann 1970 , Muhairwe et al. 1994 , Niklas 1995 Valentine and Gregoire, 2001 , Bravo-Oviedo et al. 2014 . STMs have long been applied to 29 forest inventory data, because they allow for estimation of merchantable stem volume to a 30 variable top diameter as well as merchandizing the stem into various products (Kozak et al. 31 1969) . More recently, they have been applied to simultaneously estimate tree volume and 32 
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The prevailing approach is to fit STMs to a sample population of trees that have been 49 censored to some degree by excluding trees which diverge from some idealized stem form. 50
Many research papers report excluding 'irregular' trees from data sets used to fit STMs. For 51 example, Burkhart (1977) reported including only single-stemmed trees, while others excluded 52 trees with forks (Forslund 1982 , Barrio Anta et al. 2007 or trees with multiple stems or crooked 53 boles (Özçelik 2008) . McTauge and Bailey (1987) excluded trees with forks, ramicorn branches 54 (large, high-angled branches) or 'foxtails' (sections of the stem which grow without producing 55 any lateral branches) and Newnham (1992) reported excluding 2293 of 7367 (31% of) trees, 56 which had 'defects', when fitting taper models to four Alberta tree species, without specifying 57 what those defects were. Sometimes, entire types of stands have been excluded from STM 58 studies. For example, Burkhart and Walton (1985) chose plantations that had not been thinned, 59
burned, or pruned, and were free of severe insect or disease damage, to assess the influence of 60 crown variation on the taper of loblolly pine (Pinus taeda L.). Such censoring could be a 61 significant problem whenever STMs fit to censored data are later applied to populations of trees 62 covering a larger range of tree forms or stand conditions, which is generally the case. 63 Some researchers have sought approaches which recognize that a model of the main 64 stem of a tree should be referenced somehow to the whole tree it is part of, whose other parts 65 (namely branches) influence its form (MacFarlane 2010, Ver Planck and MacFarlane 2014) . 66 Muhairwe (1994) demonstrated that simply including a measure of crown size as a predictor 67 variable could help explain some of the variation in tree shape, in even-aged, fully-stocked,D r a f t forks in a tree. Two other approaches model continuous shifting allocation between a main stem 74 and branches, above and below a relative crown height, but require some prior estimate of 75 volume (Ver Planck and MacFarlane 2014) or the centroid of volume (MacFarlane 2010) for 76 each tree. Zakrzewksi (2011) modeled the cumulative distribution of volume from a taper 77 model, including wood in both the main stem and branches, but his approach did not allow for 78 separation of main stem volume from branch volume; the two components were treated as a 79 composite sum. 80
Our literature review revealed that, despite a long history of applying STMs in forestry 81
and recent efforts to link changes in tree form to changes in tree biomass and forest carbon 82 storage (e.g., Chave et al. 2014 , MacFarlane 2015 , little research has been conducted to 83 document the potential problem of excluding trees with diverse forms, when fitting STMs. 84
Further, no generalized, low-cost, simply-to-apply solution has been advanced to model stem 85 taper over the very broad range of tree forms that can be observed. A simple, and possibly 86 effective approach would be to identify 'whole-tree' form types (meaning ones that reference 87 both the main stem and branches), which trees could be relatively easily assigned to and would 88 capture major differences in main stem form variation, with specific reference to the relative 89 D r a f t D r a f t diameter of at least 10 cm with at least 2.5 m long, sound section was measured to a 10 cm top 122 DOB, in the same manner as the main stem. 123 D r a f t branch section, with a minimum basal diameter of 10 cm and a minimum top DOB also = 10; or 145 LBT = 0, otherwise. All study trees were assigned an LBT (see Table 2 ). 146
Merchantable Branch Type (MBTs) 147
The LBT can be made more descriptive and useful for volume inventory by 148 differentiating between large and very large branches, which can correspond in size to branches 149 that could be used for the two major types of wood products: pulp and saw products, 150 respectively. To be classed as having branch saw wood present, a tree needed to have at least 151 one branch section at least 2.5 m long, with a minimum basal diameter = 20 cm and at least one 152 sound log to a minimum top DOB also = 20 cm; this is also consistent with regionally and 153 nationally -used minimum merchantability standards cited above. Trees are assigned to MBTs 154 using a two-digit code system, with the first digit representing the absence / presence of pulp 155 log-sized branches and the second indicting the absence / presence of saw log-sized branch 156 sections. So, there are four possible MBTs for a tree: 0-0 = no merchantable branch wood; 1-0 157 = pulp wood in branches, but no saw wood in branches; 0-1 = no pulp wood in branches, but 158 saw wood in branches; and 1-1 both pulp and saw wood in branches. All study trees were 159 assigned an MBT (see Table 2 ). 160
Merchantable Form Types (MFTs) 161
LBTs and MBTs allow for identification of trees with or without large, merchantable 162 branches, or of different branch types, but have no code representing the main stem. Since 163 trunk taper is expected to change as a tree increases in size (Niklas 1995), form types can be 164 further differentiated by categorizing the main stem into two merchantable types, just as the 165 branches were under the MBT system. So, a four-digit Merchantable Form Types (MFT) code 166 was developed to create a variety of tree form types relevant to forest inventory methods, 167 depending on whether or not the tree contains merchantable wood in some or all of theD r a f t following four categories: (1) main stem pulp, (2) main stem saw, (3) branch pulp, or (4) branch 169 saw. A value of "1" is recorded when that part-product is present and "0" when it is not. So, a 170 tree with a code of "1-0-1-0", would have pulp wood volume in both the main stem and 171 branches, but would not have any saw wood volume in either tree component. All study trees 172
were assigned an MFT (see Table 3 ). 173
Analytical Methods 174
Our data set consisted of measurements of the change in main stem cross-sectional 175 area, as a function of height above ground from the stump to the top of the tree, computed from 176 the stem diameter measurements taken along the stem. We used a multi-level mixed-effects 177 modeling framework for analysis (Venables and Ripley 2002) , recognizing the hierarchical 178 structure of our data, where correlated within-tree variation in stem cross-sectional area 179 (computed from the stem diameter measurements of the stem) represented the finest level of 180 variation. When specifying the hierarchy, we sought to investigate tree-level form variation from 181 the most general to the most specific effects on tree form, which was, from top to bottom: 182 evergreeness > spp > form type > stand > tree. Since genetics has a top-down effect 183 constraining tree form (Barthélémy and Caraglio 2007, Dardick et al. 2013) , 'evergreeness' 184 (e.g., Ducey 2012) was used as a the coarsest group, which species were nested in, reflecting 185 the expected difference between trees with a decurrent (broadleaf) versus excurrent (needle-186 leaf) stem form due to expected differences in apical dominance between conifers and 187 angiosperms (Wilson 2000) . Species-level effects were further refined by form type groupings 188 (LBT, MBT, MFT), which represented within-species variation in form. Finally, the random effect 189 of local environment on tree form (Xiong et. al. 2010 ) was captured by the specific stand 190 conditions the trees were drawn from.
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In our first analytical step, we computed main stem volume for each tree from the taper 192 measurements using tree-specific mixed-effects B-spline regression; a semi-parametric method 193 described by Kublin et al. (2013) , that was fit using the TapeR 
species. 210
We chose the highly flexible segmented polynomial model of Max and Burkhart (1976) to 211 explore how well the form types captured major differences in tree form, within and between 212 species, because this model is well-tested, it has been previously been shown to work with 213 predicted random effects (Cao and Wang 2011) in the upper and bottom portions of the tree, respectively. 223
Max and Burkhart (1976) allow for α i to be specified or estimated as free coefficients.
226
We tested a model where we set the value of α 2 at the relative height of DBH ( rbh ), because 227 this simplified model fitting procedures, and because α 2 is typically very close to rbh point when 228 estimated independently (α 1 by contrast is highly variable, typically occurring somewhere 229 between 50 to 90% of total tree height). Additionally, since the general form of the taper model 230 (eq. 1) is relative to DBH there is a natural inflection point at DBH, where Y = 1; points below 231 that are generally Y > 1 and above that Y < 1. 232
The DBH-segmented Max and Burkhart (1976) 
We fit both models (eq. 1 and eq. 2) to the data and used a likelihood ratio test to determine if 237 leaving α 2 as a free coefficient was superior to assigning it to rbh . 238
To fit the models above, we used the NLME package (Bates et al. 2015) in R, specifying 239 tree-level random effects nested within each stand. In addition, hierarchical data tend to have 240 within-subject correlation and are also likely to have within subject residual heteroscedasticity. 241
We dealt with both by inclusion of a continuous first-order autoregressive (CorCAR1) correlation 242 structure and a variance power (varPower) weighting structure as a both function of relative 243 height to address within-subject correlation and heteroscedasticity, respectively. However, both 244 were found to not significantly improve model fit (tested using a likelihood ratio comparison) and 245 consequently, not included in the final model. 246
We explored different combinations of model coefficients α i and β i as random effects to 247 determine which was contributing the most to unexplained variation. We looked for the best 248 combination of coefficients to assign random effects to, which allowed models to converge and 249 which improve the model fit as indicated by a likelihood ratio test. In the final stage of modeling, 250
we predicted the random effects for each tree within each stand from the best model, as linear 251 functions of species and form types. 252 253
Results 254

Diversity in tree form types 255
A broad range of tree form types were found within and among species over a range of 256 tree sizes (Tables 2 and 3 ). As expected most needle-leaf trees had few branches large 257 enough to meet minimum merchantability standards (only 3% of trees examined had an LBT = 258 D r a f t containing large branches (Table 3) . By contrast, almost half of all broad-leaved trees we 260 observed had at least one large, merchantable branch and about 17% of those were large 261 enough to produce saw logs (Table 2) . 262
Over all trees, the five most common MFTs were: 1-0-0-0: which corresponds roughly to 263 smaller ("pole"-sized) trees (smallest DBH = 12 cm ) without relatively large branches; 1-0-1-0: 264 smaller trees (DBH ≥ 15 cm ) with a major fork; 1-1-0-0: larger (saw-timber-sized trees without 265 large branches, smallest with DBH = 21 cm ); 1-1-1-0: larger trees with large branches (DBH ≥ 266 21 cm ); and 1-1-1-1: large trees with saw-log sized branches (smallest individual had DBH = 31 267 cm). Allometrically, a tree has to be large enough to grow a relatively large branch, and the 268 bigger the ratio of the largest branch to the main stem, the more dramatic the fork (MacFarlane 269 2010). For example, the smallest tree with a pulp-sized branch (category 1-0-1-0) had a branch 270 fork with a basal diameter almost as large as the main stem. 271
The relative contribution of form types to explaining tree form variation 272
Analysis of variance components of main stem volume showed that knowing the species 273 or species group ('evergreenness') explained very little of the difference in main stem form and 274 volume, when compared to tree-to-tree and within-stand variation, suggesting a very high level 275 of intra-specific variation in stem form, across a broad range of species and forest communities 276 (Fig. 1a) . Knowing that a tree, within a species, has a relatively large branch (LBT), large 277 enough to be merchantable, added considerably to explaining tree to tree variation (Fig. 1b) . 278
Furthermore, including information related to the saw timber potential of the branch (MBT), 279 increased the degree of variation explained (Fig. 1b) . MFTs were the most informative; knowing 280 the MFT of a tree explained about half of the tree-to-tree variation in main stem volume, but it 281 also helped considerably to clarify intra-specific variation, such that they combine to explain 282 about two-thirds of within-tree form variability (Fig. 1d ). Further, with trees assigned to a MFTD r a f t much of the variation between stands was accounted for (note the relatively shallow slope from 284 'MFT' to 'stand' in Fig. 1d , relative to that for species, LBT and MBT, Fig.1 a-c, respectively) . 285
Divergence of trees of different form type and species from a general all-species STM 286
The DBH-segmented Max and Burkhart (1976) model (eq. 2) was superior by all metrics 287 to the standard model (eq. 1, Table 4), so it was used for all subsequent model fittings. Only 288 having to estimate one joining point simplified estimation of fixed and random effects on other 289 model coefficients. The best model that converged was one with random effects on coefficients 290 β 1 , β 2 , and β 4 , as indicated by AIC, BIC, and a likelihood ratio test (Table 5 ). Both MFT and 291 species were significantly (p < 0.0001) and linearly correlated with all three coefficients and 292 model fitting generated using linear adjustment factors for each coefficient depending on the 293 species and MFT (Table 6) . 294
The final generalized model selected for all trees of all species and form types was: 295
eq. 3 296 Table 6 . 300
After fitting, eq. 3 was used to explore model behavior. To apply the model, stand-level 301 random effects were set to zero and the predicted random effects terms for both MFT and 302 species were added to the random effects intercepts which were then added to the fixed effects 303 terms in the models (Table 6 ).
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For example, the predicted random effect term µ 1 was added to the fixed effect 305 coefficient β 1 (eq. 3). The intercept for the predicted random effect = 0.0710 (Table 6) . If the tree 306 was an Acer saccharum tree with a MFT of 1-0-1-0 we added -0.1606 (for species, Table 6 ) 307 plus -0.1714 (for MFT, Table 6 Looking at form variation within a species, against the background of variation in all 310 species (Fig. 2) , it can be seen that e.g., Q. rubra trees with relatively large branches had 311 considerably more taper than Q. rubra trees without them, such that saw-sized trees with saw-312 sized branches (MFT = 1-1-1-1) were more similar in stem form to pole-sized trees with pole-313 sized branches (1-0-1-0) than the latter were to pole-sized trees without large branches (1-0-0-314 0). Comparing two species, e.g., A. saccharum and T. americana, which tend to co-occur on a 315 variety of mesic upland sites in the region, we can see a case where species differences were 316 important, but only in magnifying differences caused by branching (Fig. 3) . According to our 317 model (eq. 3) and the underlying data (see Fig. 3 ), the main stem of T. Americana tends to taper 318 less than that of sugar maple, on average, even when forks or other major branching effects are 319 accounted for. However, the "regular" form stems (1-0-0-0) of both species are more similar to 320 each other than "forked" individuals (1-0-1-0) of the same species, further demonstrating that 321 intraspecific stem form variation tended to be much greater than interspecific variation (as 322 shown in Fig. 1 ). The model (eq. 3) clearly shows that the net effect of branching is to divert 323 volume from the main stem into branches, increasing stem taper and reducing accumulated 324 volume in the main stem. 325 D r a f t
Discussion 329
The value of form type classes which consider both stem and branches 330
Foresters have long recognized that trees have different stem forms and have sought 331 ways to capture this, as a way to improve stem volume estimation, but also to fundamentally 332 understand variability in tree form. For example, Assmann (1970) chronicled almost a century of 333 theories which attempt to describe tree-to-tree stem form variation, and noted (on p. 64) "the 334 problem of form and form factor", which is simply the fact that tree-to-tree stem form varies 335 within wide limits and, for each tree, it responds dynamically to changing environments (e.g., 336
thinning, see Assmann 1970, p. 61) . Much of the early research on form resulted in the advent 337 of 'form classes', which look at the ratio of some upper stem diameter, typically to top of the first 338 log (e.g., Girard Form Class, Avery and Burkhart 2015) to DBH. These early form classes 339 generally differ from modern STMs, because they focus mainly on modeling taper lower down in 340 the tree's stem, where the most economically valuable parts are. Since STMs seek to profile 341 stem form from the base to the top of the tree using a continuous mathematical function 342 (Zakrzewski 1999), they should require more complex form type classifications, unless they are 343 applied only to trees with regular form, where it might be reasonable to assume that form 344 differences captured lower extend all the way to the top of the tree. 345
Here, we experimented with multiple new form-type classes, which recognize that the 346 main stem is embedded in, and an inextricable part of, a complex tree branching network 347 showed that genetics is important in determining forking in Pinus taeda, but also that local 360 environmental / silvicultural factors tended to explain most of the forking variation. The other two 361 pine species we examined (P. resinosa and P. banksiana) were drawn mainly from only a few 362 plantations, where spacing and density were kept more uniform during growth, so our data set 363 may actually underestimate how branchy pines are. Certainly, the fact that so many published 364 STM studies of needle-leaved species report excluding forking or branchy trees (e.g., McTauge  365 and Bailey 1987), suggests that such trees are not uncommon in the general population. 366
Our study demonstrates that the new form type classes: LBT, MBT, and MFT, provide a 367 highly useful system for capturing variation in stem form, within and between species, and MFTs 368 appear to explain most of the variation caused by different stand / site conditions. MFTs offer 369 the most flexible system for classifying trees, because they explicitly consider the size of both 370 main stem and branches. Additionally, the MFT coding allows some unusual tree forms to be 371 specifically identified. For example, our data set also included some very large individuals ofcharacterizes a tree with only saw-timber-sized sections of the main stem, which rises up to a 374 top that breaks into many small branches (Table 3) . A STM would typically predict that a large 375 tree with saw timber lower in the stem, would also have pulp wood higher up in the main stem 376 above it.
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MFTs might also allow for the possibility of capturing trees with defects, with 378 consideration of the size of the tree. For, example a tree with a code of "0-0-0-0" could either be 379 too small to meet merchantability requirements (< 10 cm DBH) or a large-enough tree (typically 380 ≥ 12 cm DBH by US standards), but with significant defects which limited the merchantability of 381 the section. So, aside from helping to better predict stem volume these new form types can be 382 used to better characterize form diversity in growing stock, which could be related to growth and 383 mortality trends. 384
A potential problem with any classification system is misclassification, but the form type 385 classes described here are easy to implement. In fact, the Michigan DNR already implements a 386 more complex system in their forest volume inventory, in that foresters are already trained to 387 count the number of saw and pulp logs in both the main stem and branches of trees (MDNR 388 2013). MFTs are a simplification, in that those log counts are reduced to a binary, presence or 389 absence assessment for each category of wood products. Consequently, this classification 390 system could be implemented right away in Michigan, USA and a similar system could likely be 391 developed for any forest inventory system that encounters trees of diverse form. Even simpler 392 are the MBT or LBT classes. They provide less information for differentiating trees, but may 393 have lower misclassification error, but could be used in lieu of MFTs, if misclassification error 394 were to outweigh gains of using a more complex form type. 395 D r a f t terminal bud damage from frost and bud moths. Kerr and Boswell (2001) also noted that such 403 forks tend to persist, leading to a reduction in the saw timber volume produced in the lower stem 404 of these trees later in life. So, clearly small trees can have complex forms that warrant more 405 than a simple taper modeling approach and the form types of larger trees often reflect the 406 evolution of form types set early in the life of the tree. In combination with other results, this 407 highlights the potential benefits of a more generalized classification approach, where, e.g., 408
branch size is expressed relative to the size of the main stem, instead of in absolute terms. 409
Hierarchical structure of variation in tree form at the tree, stand and species levels 410
Our data and analyses indicate that tree-to-tree variation in form is enormous over the 411 wide range of species and stand conditions we examined. It was surprising how little 412 'evergreeness' and species mattered as grouping variables, in light of this variation. The 413 practical implication is that if a tree is randomly drawn from the landscape and measured for 414 stem form and volume, knowing whether it is a needle leaved vs. broad-leaved tree, or even its 415 species, does not tell us much more about its form. By contrast, knowing the particular stand it 416 was drawn from tells us quite a lot, because the ecological conditions and historic stand 417 dynamics have an apparently large effect on how that tree grew. This supports the idea that 418 species-specific volume models are not superior to 'composite' or mixed species ones, because 419 so-called species effects are often confounded with effects of the stand conditions from which 420 D r a f t affect taper to some degree and also act to reduce lateral branching when density is high 427 (Neilsen and Gerrand 1999). Garber and Maguire (2003) showed that including height-diameter 428 ratios as a model predictor could to some extent account for stand to stand variation in stem 429 taper, because it tends to be correlated with stand density and it is a good proxy for crown ratio, 430 at least in stands with simple crown architecture. However, they also concluded that spacing 431 had little appreciable influence on the taper of some species (e.g., Abies grandis) and 432 underscored the importance of developing site and species-specific equations. By contrast, our 433 goal was to reduce the need for stand / site specific equations. Muhairwe et al. (1994) explored 434 the explanatory power of site productivity class and age into STMs developed for several 435 species, but concluded that the variables contributed only marginally to improving the model. 436
Stand-to-stand / site-to-site variation in stem form may be confounded with other factors, such 437 as local genetic effects on taper (Sherill et al. 2004 , Gomat et al. 2011 ), but we would expect 438 these to be evident in the form type and species combinations represented in the stand. 439
Ultimately, it simply may not be possible to explain all the stand-to-stand variation in tree form. 440
Implications for development and application of STMs to trees of diverse form and 441 branching architecture. 442
The results of this study suggest that STM approaches would benefit more from fitting 443 them by form type, then by species, but that it would be most useful to fit MFT-specific models 444 for every species. In terms of this study, that would mean filling a data matrix of trees covering 445 21 species by 16 MFTs. Over even larger spatial domains, such as a national forest inventory, 446 fitting at set of form-by-species models would require an enormous data set, where trees with a 447 variety of non-regular forms were sought out. Such data sets are currently rare and will likely 448 remain so given the high cost of sampling for stem taper/volume.
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Instead of trying to fit a model for every combination of species and form type, we chose 450 to use a universal hierarchical modeling approach, which could draw from the strength of all our 451 data. This method also respects and accounts for within-tree and within-stand variation in taper 452 measurements, by treating them as deviation from the general population (i.e. random effects). 453
After accounting for this hierarchical variation, our universal model predicts how each tree 454 diverges from the all-tree trend, based on its species and MFT. This approach bears similarities 455 to the STM approach of Cao and Wang (2011) , except that an actual stem measurement was 456 needed at the mid-point of the stem to localize the model for each tree under their approach. 457
Indeed, calibrating taper models in a mixed-effects modeling framework is a promising new 458 approach (Sabatia and Burkhart 2015), but often relies on upper stem diameter measurements 459 which can be difficult to measure accurately. Our approach, in a sense, estimates the random 460 divergence of members of a species from the all-species trend, but also independently captures 461 the average form deviation of a tree of any species, depending on a simple assignment of trees 462 to categories related to the relative size of the main stem and branches. This novel approach 463 appears to be quite effective for exploring intra-and inter-specific variation in stem form, but 464 likely needs more testing before it is implemented operationally for forest volume estimation. 465
Certainly, there appears to be an opportunity to further explore stand-level predictors of form, 466 with the opportunity to account for tree-level differences, captured by form type classes. 467
Another major implication of this study is that the exclusion of trees without 'regular' form 468 represents a significant omission from the STM literature, and also likely translates into a 469 significant bias in many published STMs and most historical data sets relating to stem taper. Given the high degree of plasticity in tree morphology, despite species-specific 481 constraints on branching architecture (Dardick et al. 2013 , MacFarlane 2015 , and given 482 significant influences of silvicultural practices (e.g., thinning, Assmann 1970) and environment 483 (e.g., frost, bud moths, Kerr and Boswell 2001) on tree form, it is not unreasonable to suppose 484 that the idealized trees that modelers seek for STM development may not actually represent the 485 typical tree encountered during forest inventory. This means that for STMs fit with exclusions to 486 be applied without bias, trees would need to be categorized as belonging to, or not belonging to, 487 the exclusion group. We recommend that future studies should eschew exclusion criteria and 488 expand taper data sets to include so-called irregular trees. This would allow model developers 489 to either fit a general STM to trees of all forms, or take an approach, such as the one described 490 here, to categorize form differences between different types of trees. Minimally, one could fit the 491 taper model to a population of "included" vs. "excluded" trees and report the difference. Chave, J., Réjou-Méchain, M., Búrquez, A., Chidumayo, E., Colgan, M.S., Delitti, W.B.C, 525
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